AD-A138 738

UNCLRSSIFIED

CDNPRESSIBILITV OF COLLOIDS 2 COMPRESSIBILITY STUDIES 11 .
OF TRI-BLOCK NON-10..(U) CASE-WESTERN RESERVE UNIY
CLEVELRND OH ULTRASONICS RESERARCH L. .

N A BARRETT-GULTEPE ET AL. 2@ JAN 84 TR-50 F/G 11/9 NL




Vil NE ©
(o] Ee"] o~
=

atd

=

|

K EEE

Ol of of ~ 3
E EEEFEPITE

|.0
———
——
C——
——————
Ce——

I

ll==

1.6
=_—

1.4

————
| ————
e ———

| =3

MICROCOPY RESOLUTION TEST CHART

NATIONAL BUREAU OF STANDARDS-1963-A

st

.rt.a_')-

UGN
A

L WL
-\"-.':.“.‘."\
A RNEALW )
. ‘h{ '--S#\.
.Af?i".l" o

o~
¥
})

Ny
.\J'

o
v,




LIRS S A

ULTRASONICS RESEARCH LABORATORY

DEPARTMENT OF CHEMISTRY
JOHN SCHOFF MILLIS SCIENCE CENTER
CASE WESTERN RESERVE UNIVERSITY

CLEVELAND, OHIO 44106

ADA138738

TECHNICAL REPORT NO. 50

II. COMPRESSIBILITY STUDIES OF

COMPRESSIBILITY OF COLLOIDS:
TRI-BLOCK NON-IONIC POLYMERS IN, TOLUENE AND WATER SOLUTIONS
by

M.A. Barrett-Gultepe, M.E. Gultepe

J.L. McCarthy and E.B. Yeager

20 January 1984 DT'C

&
.‘. boaln \) :) \'\84 ;\

Q

(]

W OFFICE OF NAVAL RESEARCH ®
Sy

b Contract N00014-82-K-0112 M E.

Project NR 384-305
!

v

d.(f. Y
for pehlic ] 84 03
distribution s . i . .
e e et e L P e T S A N T et e L T S




OFFICE OF NAVAL RESEARCH
Contract N00014-82-K-0112

i Project NR. 384-305

% TECHNICAL REPORT NO. 50

&

Y

4

] Compressibility of Colloids: II. Compressibility Studies of

I, ]

% Tri-plock Non-ionic Polymers in Toluene and Water Solutions :

.'Ig E-
d

- o :!

<3 1

*i M.A. Barrett-Gultepe, M.E. Gultepe,

3{ J.L. McCarthy and E.B. Yeager

v

d

i ]

Ultrasonic Research Laboratory

e and

4

M Case Laboratories for Electrochemical Studies

¢

& Case Institute of Technology

Case Western Reserve University

Cleveland, Ohio 44106

1 P 2R

9 January 20, 1984

, Ay

1

A Reproduction in whole or in part is permitted
3 for any purpose of the United States Government.
E.

» This document has been approved for public release
“,

3 and sale; its distribution is unlimited.

L]

e

TN T AN NN ~ RA%Y T A
TRy 'LAA{;LA"- -.).‘ e \._s.a."\ \..s‘fn." ":x‘:.".\_ " ".'A."’?\ \'f\ .\ e



SECURMITY CLASSIFICATION OF Tris PAGE Mhen Dete Entered)

READ INSTRUCTIONRS
' REPORT NUMBER 2. GOVY ACCESSION NOJ 3. RECIPIENT S CATALOG NUMBER
50 -%A—fﬁL}f Sy
4. TITLE (and Subdtitle) $. YYPE OF REPORT & PERIOD COVERED

COMPRESSIBILITY OF COLLOIDS: II. COMPRESS- .
IBILITY STUDIES OF TRI-BLOCK NON-IONIC po-| Technical Report
LYMERS IN TOLUENE AND WATER SOLUTIONS ¢ FEAFORMING ONG. REPORT NUMBER

7. AUTHOR(s) B. CONTRACY OR GRANT NUMBENR(e)
M.A. Barrett-Gultepe, M.E. Gultepe

J.L. McCarthy and E.B. Yeager
9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT, PR OJ(C: TASK

. AREA & WORK UNIT NUM
Ultrasonic Research Laboratory
Case Western Reserve University

N00014-82-K-0112

Cleveland, Ohio 44106 NR. 384-305
1, CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE
Office of Naval Research 20 January 1984
Physics Section -Code 421 13, NUMBER OF PAGES
Arlington, VA 22217 29
18, MONITORING AGENCY NAME & ADORESS(!! different from Controlling Ollice) 1$. SECURITY CLARS (of this repernt)
Unclassified
1Sa. DECL ASSIFICATION/ DOWNGRADING
SCHEDULE

8. DISTRIBUTION STATEMENT (of this Repert)

Approved for public release; distribution unlimited

17. DISTRIBUTION STATEMENT (of the sbetract entered in Bleck 20, 11 dilferent lrom Report)

18. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse olde i necossary and identily by bleck number)

acoustic velocity, compressibility, polymers, colloids,
interfacial phenomena

v
y

. # ABSTRACT (Continue an reverse slde If necossary and identify by dleck mumber)

‘fUltrasonic velocity measurements were made on a series of Pluronics
i.e. tri-block non-ionic co-polymers of poly(ethylene oxide) poly
(propylene oxide) poly(ethylene oxide) in solvents showing near
ideal and non-ideal behavior. Aqueous solutions of the Pluronics
studied show non-ideal behavior;-namely non-linear apparent com-
pressibility as a function of Pluronic concentration. This non-
ideality is thought to arise from aggregate formation. This is
confirmed by laser light scattering measurements. Those polymers

DD ,"on'ss 1473  £oiTion oF 1 nOV 6318 oBsOLETE
$/N 0102- LF-014- 6601

ified L

SECURITY CLASSIFICATION OF THIS PAGE (WMien Dera Entered, \

-ii-

..... S . -
U N RO R TS T L I P
L .‘f“ DR '-"k"L L’:L' [ Lfn. L)LLA‘ :'1.:_\':"'.- At S e e e e




SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

Continued (Block #20) L ‘ : o

YRR

that dissolved in toluene showed near ideal behavior enabling us
to determine intrinsic compressipjlities of hydrophobic_and hydro-
philic blocks as 4.9x10~11 dyn/cm2 and 3.9x10-11 dyn/dm2 respect-
ively. The volume fraction of the bound water per segment of poly
(ethylene oxide) is estimated and found to be dependent on the seg-
ment population. The mathematical treatment presented in this
paper stems from that of Shiio, but goes further to define possible
limits to the true compressibility, volume and density of bound
water rather than making the assumption that no contraction of the
water occurs,

ata

y
$/N 0102- LF-014- 6601 o :
Unclassified .
SECURITY CLASSIFICATION OF THIS PAGEWhen Dets Entered) .
-iii-
N e T T e T T T L e e
et e T T e e N gt e e e e e T '.F:'.F_'J'_\J'. " I




-~

i s | 'y

.l
22" 4"

by Ay-Aya, 4,
o

74

‘WEIC NN

PUNRD Tl SR

P AR .
Ll U A

1] 3
2 LWt Wy ge .

- N,

A

B - ¢

P N N SR

Y A

R L L R i O P R R

TABLE OF CONTENTS

Title Page

Document Control Data

List of Figures

I. Introduction

II. Theoretical

ITII. Experimental

Iv. Results and Discussion
V. . Conclusion

List of Symbols

References

Distribution List

Accession For

| NTIS GRA&I g
DTIC T.B

Unannounced ]
Justification |

By
Distribution/
tid
Availability Codes
Avail and/or
Dist Special

~iv-

LIV S U

P o ]

P
k|
4

Page

ii

26

27

Pl s



R

- 'n
psy LIST OF FIGURES

I
('..:-'f: Page
AxAR

‘ l. Reciprocal apparent specific volume, 1/¢y, + vs. frac-

Ix tion POE in polymer. 11
j:\__-.‘

N
.33; 2. The velocity of sound vs. concentration P105 and P75

— in toluene. 13
0
¢ ‘\ "-' . Fy . . -
;ia 3. Apparent compressibility, Bapp of various Pluronics
SN

. in toluene. 14
if :-
l§i§ 4. The velocity of sound as a function of Pl05 concentra-
N
N tion in water. 16
i
?}3' 5. Apparent compressibility, Bapp of various Pluronics

Cd e
e, . .

ol in solutions of water as a function of concentration. 17
N
;*\j 6. Apparent compressibility Bapp of several Pluronics
.}is containing 80% POE, in aqueous solutions as a function
S
A3ty of concentration. 19
,Ef: 7. High polymer concentration compressibility values extra-

\:"n
25 polated to infinite dilution for Pluronics with various
2N . .

poly(ethylene oxide) POE, fractions. 21

200 _
'ﬁﬁg 8. Volume of bound water per gram of poly(ethylene oxide)

:iz as a function of concentration of various Pluronics,
f“f, assuming the bound water has the compressibility of
N

ﬁ{ 1.8 x 10~11 dyn/cmz. 23
Ay
oA

S’

.:-:,k
g -v-
\ ::'-'

AT T L T e A M SR ST




x
:::.- -1-
A
2:3 I. ID5Xoduction
:; In part I of this series! we have shown tnat an
; association-dissociation type chemical reaction oetween colloid
and counter ion may give rise to an additional dispersive
,?E contribution to the adiabatic compressibilty of a colloidal
iﬁ A dispersion. Coating the particle-electrolyte interface with an
. . mphipnilic polymer decreased this excess compressipility
:Sé presumably by suppression of an association-dissociation type
JS; chemical reaction due to dipole-ion interactions between polar
\fv moieties of the absorbed block co-polymer and the ionic end
§§ groups of tne polymer colloid. However, the decrease may also
%% be explained on the basis that thne amphipnilic polymer is
i strongly adsorbed on the basically hydrophobic particle surface
o
;5 ‘ with its nydrophobic segments anchored to the surface, resulting
;3 : in a more rigid structure. The use of an interface with net ion
: charge snould pe avoided for such studies if one wishes to
'Ef determine the compressibilty of adsoroed polymers unambiguously.
e
52 A liquid-ligui¢ interface may be considered an ideal
- suvstrate for such studies., Emulsions with hign surface area of
?; oil-in-water (o/w) or water-in-oil (w/o) of various immiscible
.§§ ligquids can be prepared with amphiphilic polymers to be studied
If as emulsifiers. Selection of a stable (in the sense of
%; colloidal stability) model system for a high surface area
:3 Tiguid-liguid interface is not simple.
2 sicro-emulsions and macro-emulsions prepared with nixed
té surface activé and ionic surface active agents were excluded as
N
; -.;
3
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model systems. Ionic surface active agents may exhibit a
chemical relaxation between counter-ions and polar heads and
hence complicate the measured compressibility.

In the study to be reported in part III of this series of
studies, non-ionic block co-polymers of poly(ethylene oxide) -
poly(propylene oxide) - poly(ethylene oxide), A - B - A
tri-block type (the hydrophobic portion in the center and the
hydrophilic portions at both ends) were used as emulsifier for
toluene in water emulsions. Their ample solubility in both
toluene and water facilitates acoustic study of their behavior
(compressibilities) in either medium. At the present time,
knowledge concerning the conformation of non-ionic copolymers at
the oil/water interface is very limited.

However it is generally assumed?s3 that interactions
between the hydrophilic and hydrophobic portions of the
enulsifying molecule not only determines the radius of curvature
of the oil/water dispersion, it also determines the stability of
it. Therefore, it will be very informative to study the
interaction between o0il and water soluble segments of the
emulsifier by measuring their compressibilities in both liquids
as a function of concentration. These results are presented
here as part 1I of this series.

The compressibilities of water and oil soluble portions of
the emulsifier can then be compared with the three dimensional
surface compressibilities of the emulsion globules prepared with

the same emulsifier.
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II. Toeoretical

Tne apparent molar compressibility (adiapatic) of a solute

¢k is defined as:
og V' = BV' - B.VS (L)
K o¥o

wnere C is tne concentration of tne solute as moles/liter, g is
tae compressiovility of tne solution, v' is tne volume of tue
solution, B, is tne compressipbility of the pure solvent and VJ
is taoe volume of tune solvent if its density were thnat of tne
pure state. Tnis is related to the specific apyparent

compressioility ¢, by:

$C = ¢ © (2)
wnere ¢ is tne concentration of the solute in grams/cm3. Jde
can write

L ’ L}

Vigg ¢+ V By = B8V (3)

Dividing the avove eguation oy tne total volume of solution and
suostituting Bapp * v for ¢ , wnere Bapp is tne apparent
compressiovility of tne solute, we ootain:

C Bapp ¢v ¥ Vo Bg = B (4)




.......................

(e -4-

ﬁ?? Vo 1s tne volume fraction of solvent and can be determined from
;3; Vo = (p=c)/p,, while B can be determined from the velocity U
.fg and density measurements oy means of g = 1/(ou2),

i Following Shiio's model? considering the compressibility
o of the bound water B8, and true compressibility 8; and true
géz volume V; of solute, the total volume v' of the solution can be
;5 written as:

o

E v' = Vo + vy + v;; - vg (5)
2

?& A portion of the solvent of volume va will be attached to the
ﬁs solute and compressed to a smaller volume vé. Using the same
:Q line of thougnt for the corresponding compressibilities, and
Kﬁ; again converting volumes (primed quantities) to volume
i;i fractions, eg (4) can be written as:

o Bapp C v * B0 Vo = 8= V18] + VoBo *+ V3B = VoBy  (6)

Q? The left hand side of the above equation expresses the
EQ total compressibility of the solution in terms of normal
;E%? solvent, while the right hand side expresses it in terms of
3H bound and unbound solvent as well as true compressibility and
#3{ volume fraction V; of the solute.

Eg In Sniio's treatment, the solute molecule was treated as a
E; whole. However, in our case, the solute consists of an
:: A -3 - A type, tri-block co-polymer. The A type block is poly
L
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ethylene oxide. There is <considerable evidence in the
literature>s® gnat the interaction between ethylene oxide groups
and tne water molecules causes a coanplete conformation change
from zig-zay shaped linear polymer strands to what is referred
to as "“meandering form". The equilibrium angles between tne
bonds are retained, but the overall length of tne strand is
considerably contracted (by about 50%). This contraction
propbably has associated with it a decrease in volume of the
wolecule. Thererore tnhe meandering structure may show smaller

compressioility.

0 0 0~
A
Z2ig Zag Forn leandering Form

Altnough Rosch® or Schonfeldt5, in their description of tne two
conformations, did not discuss compressibility, it is
anticipated that tne bound water molecules associated with this
"meandering structure” will exhibit a smaller compressibility
than the unoound and weakly associated water.

If the polymer solution shows ideal oenavior when dissolved
in a solvent, such as toluene, the apparent wolal
compressibility of the polymer can be considered the intrinsic
compressibility of the substance. If the subscripts A and 3
refer to poly(etnylene oxide) and poly(propylene oxide)

respectively, tne volume fractions V,, V, and compressibilities

et M T N L T T e e o e, -.~.\ e LN LN .'v., BTN .( LT S RO N
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Bar Bg Oof the blocks can be determined by velocity and density

measurements on solutions of a series of polymers with varying
proportions of poly(ethylene oxide) content. A value for By can
be obtained by extrapolating the measured compressibility value
to 0% POE content. Similarly the g, value is determined by
extrapolating the compressibilities to 100% POE content.

The total specific apparent compressibility of the above

mentioned "zig-zag structure" can be expressed as:

¢ (zig-zag) = (Vp By + VgBp) 7

As we will show in the results section, solutions of these
polymers in toluene fulfilled the conditions of a nearly ideal
solution, and the intrinsic compressibility of the polymer was
thereby determined.

This treatment of data is not valid for aqueous solutions
of these polymers. Attempts to obtain V, and Bp similarly by
extrapolating to 100% POE suffers from the complication of the
change of form; zig-zag structure to meandering. The meandering
structure appears to be more compact than the zig~zag structure
and may have a 1lower compressibility. It is impossible,
however, to decide just how much of the change in volume and
compressibility is associated with the polymer as compared with
that caused by the change in the water structure surrounding the
polymer.

The total <gpecific eapparent <compressibility of the

meandering structure can be expressed as;
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ok (weandering form) = VpBa + V383 + vyBy = vjy8y (8)

In this case B, and Va values are not necessarily the same
as in the previous case (polymer dissolved in toluene).
Rearranging eg. (6) and divicing oy By the following equation is

ootainea.

Vo Bp

L (g-8y vy - B1V)) = vgll - ) (9)

80 Vo Bg
Although it is not possiole to determine uniguely the volume
fraction and compressibility of all tne components, a great deal
oif furtner gualitative information can e derived. Je may
Suppose V, and By retain tne values found in toluene and all tne

oound water (strongly ana loosely bound) is considered together.
v2 B2

Tne measurewents tnen give a value for vo (1 - ) through

vy B8

ed.(9). In nis treatment Sniio assumed B2 to pe t;L game as ice
(1.8 x 10711 dyn/cmz). In fact definite upper and lower linits
can oe set for B, jin that it must be greater tnan 0, and second,
as By is assumed to approaca Bo » tne resulting calculated vy
and v, increased to infinity. Since no volume fraction can pe
greater than 1, tnis effectively sets the upper limit as: Bj < gy
+ (Vo=vy + v3)Bo+ V3B) - 8. The value of B2 also determines tne
value of tne density of the oound water througn tne relationship

expressing volume average of the densities.

(10)
Vo = Vipy + Vg pg + V3 02~ %
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where o,pgsp3spp are the densities of the solution, pure water,

solute, and bound water respectively.

III. Experimental

Sound velocity measurements were made at 2 MHz with a Schall
interferometer. All velocity measurements were performed at
259°cC. The temperature was kept constant during measurements
within *0.029C. Description of the interferometer and the
measurements can be found in part I of this series. The
velocity results were obtained in the polymer solutions with the
accuracy of 0.001% for toluene, and 0.01% for water when used as
solvents. The density of polymer solutions as a function of
polymer concentration were measured with a Mohr balance to 0.1l%.
A series of tri-block type non-ionic block co-polymer of
poly (ethylene oxide) were obtained from BASF Wyandotte
Corporation U.S.A., under the commercial name of Pluronic®
polyols. The Pluronics of the code, P103, Pl104, Pl05, P75 and
F108, F68, F38 and L62 were used during this study. The first
letters P, F and L denote paste, flakes and liguid respectively.
The last digit of every Pluronic multiplied by 10, gives its
approximate % poly(ethylene oxide) in the total molecule, while
the preceeding digits are a code for the molecular weight of the
poly (oxypropylene). The average molecular weights range from
2,000 to 14,000 was studied. The manufacturer did not provide
any information about the distrivbution around the average

molecular weight of a given Pluronic.

RN

PP SO




ENCIR e B e e e |

Coruwnercial ethylene oxide condensation products may show
eitner a narrow or wide distribution of molecular weights for
eacn olock depending on the conditions of manufacturing. It was
found during the solution preparation of Pluronics in water and
toluene that while some Pluronics contain toluene insoluble
fractions, some otners contain water insoluble materials. For
example, P1l03 yields complete solution in water, while it left
an estimated 2% of tne total weight insoluble residue in
toluene. de attribute this Dbenavior to a distribution of
molecular weight of these samples. All Pluronics were used

witnout furtner purification or fractionation.

IV. Besulis_apngd Discussioo

Solutions of various Pluronics were made using toluene and
water as solvents, each in a range of concentrations generally
from 1 g Pluronic/liter to 200 g/liter. The densities of these
solutions were measured at a constant temperature. Within the
accuracy of our mneasurements, ( :0.001 g cm™3) the density of
polymer solutions in odoth water and toluene varied linearly witn
concentration. However, a comparison of the density measurements
in the two solvents yield sigynificantly different apparent

specific volumes. The density values given by the manufacturer

for thne pure Pluronics are in reasonable agreement with those

deternined in toluene. The results are given in Table I. The

W
@ s.waller specific volume in water reflects tne fact that either
8-
fyﬁ tnere is water in compressed state as3ocioted with tne
o
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hydrophilic portion of the molecule or the "meandering
structure™ takes up a smaller volume. In the zig-zag structure

the former is likely to be the main contributer to this effect.
TABLE 1
The apparent specific volumes, by (cm3/g) of wvarious

Pluronics in water and toluene and in pure form. Unless

otherwise stated these are for 25°C.

Pluropics molecular wt % POE o {water) ¢ (tolueme) s fpure)

P103 4950 30 0.932 0.957 0.96*
P104 5850 40 0.913 0.948 0.96*
P105 6500 50 0.914 0.940 0.95*
F108 14000 80 0.866  ————- 0.94**
F38 5000 80 0.860 = ————e 0.93**
F68 8350 80 0.866 = -———- 0.94**
P75 4150 50 @ ————= 0.942 0.94*

* calculated from density values given at 60°C

** calculated from density values given at 77°C

Taking a series of Pluronics with varying fractions of
poly(ethylene oxide), (or POE) we can extrapolate the reciprocal
specific volume results to obtain the apparent specific volumes

of pure POE and pure poly(oxypropylene) (POP) as shown in Fig. 1
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RECIPROCAL APPARENT SPECIFIC VOLUME, 1/8, (cM3)

FRACTION POE

Fig. 1. Reciprocal apparent specific volume, 1/¢, , of va-
rious Pluronics in water (upper curve) and toluene
(lower curve) as a function of poly(oxyethylene) frac-
tion in the polymer.
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for both water and toluene. The extrapolated values
representing the pure POP should ideally be the same in both
toluene and water, no interaction is expected between POP and
toluene. However, velocity measurements on solutions of
Pluronics in toluene have shown that there is a small but
observable interaction between toluene and Pluronics. The
extrapolated values of 1/¢, from toluene and water solutions, or
*“apparent density®”, of POP are 1.0168 and 1.0243 g/cm3, or in
terms of apparent specific volume, 0.9834 and 0.9763 cm3/g
respectively. Likewise extrapolating to pure POE we find
densities of 1.1108 and 1.1843 g/cm3 for toluene and water
respectively, or 0.9003 and 0.8444 cm3/g respectively.

The velocity of sound at 2 MHz as a function of
concentration of Pl105 and P75 in toluene are given in Fig. 2,
along with the theoretical curve assuming ideal behavior; i.e.
taking volume average densities and compressibilities. It can
be seen tnat the fit of the experimental data to the theoretical
curve are good, but not perfect. All the other Pluronics
dissolved in toluene used in this study gave similar curves.

The data can also be represented by plots of apparent
compressibility Bapp as a function of concentration, as in
Fig. 3. The scatter of points at the low concentrations is due
to the fact that small errors in density or velocity
measurements are magnified in such compressibility plots. The
apparent compressibilities of the solutes are essentially
constant at concentrations up to 250 g/liter, indicating near

ideal behavior.
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VELOCITY X 18-5 (CM/SEC)
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CONC. POLYMER IN WATER (G/L)

Fig. 2. The velocity of sound at 2 MHz as a function of
concentration of P105 and P75 in toluene, along with
the theoretical curves assuming ideal behavior. Cal-
culations were made taking volume average densities
and compressibilities. Solid line: theoretical
curve for P105, dashed curve for P75. Experimental
points: O -P105, X-~P75.
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The velocity Jdata for solutions of Pluronics in wacer are

P o

treateu similarly. An exampla of velocity versus concentration

~—

of P125 is snown in Fige 4. Unlike tne toluene data, deviation

from ideal oehavior 1is very pronounced. Tae spnape of tae

Pags )
(AR R

velocity curve is typical for molecules showing solute-solute
and 3solute=-solvent interactions, such as solutions forming

micelles.

s s & &4 o A A

The plots Of apparent compressioilities of P103, P104, Pl0O5

LR

and £133 are given in Fig. 5. Excludiny F108, tne otners show a

steey rise witn concentration up to aovout 40 g/liter, walch

B 22

tails off at nign concentrations. In the high concentretion

f region there 1is a trend towards bhigher compressibility witao
A

E decreusing POZ coatent in tne molecule. Laser lignt scattering
. results on a sample of P105 at a conceatration of 40 yg/liter in
E water indicated foruation of uonodispersed aggregates of 250 A°
% diaweter. As polywer containing POE coaes in coatact with water
* ic i.wediately converts from zig-zag form to "weandering
; structure", 1acorporating strongly oound water of reduced
; co.anrzssioility. Tais oehavior is uni:gue6 to PO wita tae
- ainiaua polyaerizatioan numver of 3. The Pluroaics wnicn anave
? oeea investicsated all nave at least 15 contiguous segaencs.  Ia
5 audition to tais tiygyncly oounu water it is reasoanable to assuae
] Cae przseance of wore loosely oound water. It is also assuned
i cuat 20P interacis aucn less wita water since Pluronics wita
p less cenan 208 POC do not dJdissoive 1n  water. &5 toe
s

: coacentracion of polyaner i3 increaseud, tne POP portions of tace
? molecules will  assocliate. This results in wmicelle - like
N
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Fig. 4. The velocity of sound at 2 MHz as a function of

P105 concentration in water, along with the theoreti-
cal curve assuming ideal behavior. Calculations were
made taking volume average densities and compressibi-

lities.
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APPARENT COMPRESSIBILITY OF SOLUTE, B,.0 X 10 (DYN/CH)

] F108

;A xxx,‘

1 x

1 X% %X Xx %

4-' x

2 -+ttt

s 5@ 100 150 200 250
¥ CONC. POLYMER (G/L)
»
Lql . 9 oW o .
) Fig. 5. Apparent compressibility, Bapp of various Plur-
a onics in solutions of water as a function of concen-
§ tration. Compressibility values obtained at 2MHz,
2 25°C.
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aggregates, with the POP's inside and POE segments protruding
out into the water phases.

There has been some conflicting evidence reported in the
literature7,8 as to wnether micelles form in agueous solutions
of tne Pluronics, including those involved in this present
study. Schmolka’ has concluded, mainly on the basis of dye
absorption experiments, that micelles form, with the CMC
(critical iicelle concentration) at around 0.3 g/l. Pluronics
containing 80% POE (such as F38, F68 and F108) only form
dimers?. In this work, velocity measurements were made on
agueous solutions of these polymers as a function of
concentration and the f%pp curve vs. concentration (see Fig. 6)
showed no evidence for aggregate formation. At very high
concentrations, X-ray diffraction studies show that water
molecules contribute to an 1interaction between POE chains,
forming lammellar or cylindrical structuteslo,ll. The viscosity
reacnpes a maximum when the ratio of water molecules to oxygen of
the POE segments 1is approximately 2 to 1 12, During the
aggregation process much of the loosely bound water is squeezed
out, Dbut tightly bound water incorporated in the meander
structure will remain. As is normal for micellar solutions,
increasing the concentration of polymer molecules beyond the
critical micelle concentration increases the number of
aggregates but not their size or structure, while the
concentration of unassociated polymer molecules remains
virtually constant and opecomes 1insignificant compared to

aggregates. Thus the proportion of tightly bound to loosely
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Fig. 6. Apparent compressibility Bapp of several Plur-
VOr onics containing 80% POE, in aqueous solutions as a

function of concentration.
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bound water increases and levels off at higher concentrations.

{E;} F108 differs from the others due to tne fact that 80% of
(;\ the polymer consists of POE. At concentrations above 100
;&f g/liter it foris gels and meaningful measurements cannot bpe
iat performed. From Fig. 5 there appears to De less interaction
»(; vetween F108 molecules within the concentration range in which
Eig velocity measurements were performed. Other Pluronics witn 80%
faég POE (F38 and F68) were found to be similar in this respect
{:u_ (Fig. 6) reinforcing the conclusion of Cowie?d.

?ﬁi For P103, P104 and Pl05 polymers, the high concentration
i;i apparent compressibility values are extrapolated to infinitive
,;; ailution using the data of Fig. 3 and Fig. 5. This is done so
%Eg tnat one can eliminate the contribution due to the aggregate -
zi: aggregate interaction. This is a minor effect in toluene.
f%h- Along with these values, the intercepted compressibilities for
:ﬁ; all tanree polyners from toluene solutions data are plotted as a
;~§§ function of POE percentage. Results are given in Fig. 7. Botn
:iﬁ. sets of points fall on straight lines. For zero percent POE
;E§ vlock, botn lines merge at tne same intercept of 4.9 x 1011
= dyn/cm2 of apparent compressibility. The compressibility wvalue
?§5 for POE segments can be obtained in principle from the intercept
EQ% of tne toluene data line to 100% POE, which yields 3.9 x 10~11
;El dyn/cmz. We velieve that this value represents the
éﬁi compressibility of the zig-zag formed POE, in the absence of
j&; water molecules. The volume average of tnese compressibilities
:323 yield tne intrinsic compressibility of the POE-POP-POE tri-block
‘:i. co-polymer. The interpretation of the intercept of the line at
AVAN
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Fig. 7. High polymer concentration compressibility values

extrapolated to infinite dilution for Pluronics with var-
ious poly(ethylene oxide) POE, fractions. X and O repre-
sents toluene and water solutions respectively. The data
point + is for another Pluronic 162 which, being in the

liquid state, could be measured in pure form.
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§§ tne 100% POE for water solutions is not so clear cut, but can be
’fi considered to give the value of the apparent compressibility of
%ﬁ the meander structure of POE which includes its tightly opound
E; water, along with the amount of loosely bound water associated
35 with aggregates. On the assumption that there is no alteration
e of volume and intrinsic compressibility on conversion to the
éig meander form, the quantity v, (1 - i%?%% ) was calculated for
o all the aqueous solutions from the measurements. If we assume
ig tnat the bound water has the compressibility of ice, i.e. 1.8 x
.E% 10-11 dyn/cmz, corresponding values of v, can be estimated per
ft? segment of POE. These are plotted in Fig. 8. Ideally the v,
;2 values for various Pluronics might be expected to coincide. The
;; fact that tne Pluronics with higher percentage of POE will have
;fj tne longest chain length protruding in the water, i.e, in a
}t’ configuration less densely packed results in it retaining more
? loosely bound water.

i% The possible range of B, is from 0 to 4.2 x 10”11 dyn/cm2
{3 as explained in tne previous section leading to a possible range
‘Eg of v, from 3.97 x 106 to 7 x 1072 ¢m3 per segment. This further
‘jé defines a possible range of densities, p2, for the total bound
,‘ water, from 1.0025 to 1.090 g/cm3.

-

Y

% V. Congclusiop

Ez Ultrasonic compressibility measurements are very sensitive
:; to the molecular configurations of the tri-block non-ionic
co-polymers in solvents showing ideal and non ideal behavior.
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The Pluronics studied in this work showed a very pronounced
non-ideal oehavior in aqueous solutions indicating aggregate
formation. This is confirmed by 1laser light scattering
measurements. Those polymers that dissolve in toluene showed
near ideal behavior enabling us to determine intrinsic
compressibilities of hydrophobic and hydrophilic blocks. The
volume fraction of the bound water per segment of poly(ethylene
oxide) is estimated and found to be dependent on the segment
population. The treatment presented in this paper stems from
that of Sniio, but goes further to define possible limits to the
true compressibility, volume and density of bound water rather
than making the assumption that no contraction of the water

occurs.
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LIST OF SYM3O0LS

X
i C = Concentration of the solute as moles/liter
ky ¢ = Concentration of the solute as grams/cm3
e J = Velocity of sound in the solution
1: V' = Volume of tne solution
: Vc', = Volume tnat would ove taken up by egual amount of pure
? solvent
E Vo, = Volume fraction of Vg,
S . Vi = True voluie of solute
; V1 = True volume fraction of the solute
E vé = True average volume of tne oound water
f vy = True average volume fraction of the bound water
5 VS = Voluane of the same amount of unbound water
3 Vo = Volume fraction of vg
; Vi = Volume fraction of poly(etnylene oxide)
a V3 = Volume fraction of poly(propylene oxide)
5 Bapp = Apparent compressibility of solute
" 81 = True adiapatic compressipility of tne polymer
k Bo = Compressibility of tne pure solvent
go = Voluwme average compressipbility of the strongly and
loosely oound water
Bp = True compressipbility of poly(ethylene oxide)
] 83 = True compressioility of poly(propylene oxide)
j o = Density of solution
i pPo = Density of solvent
j o, = Density of tne solute
> ¢x = Apparent wmolar compressioility of the solute
f ¢y = ( pg = 0 = c)/(c op,) apparent specific voluue, cm3/g
" %k = Specific apparent compressibility of solute
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